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(57) ABSTRACT

A computer-implemented method may include creating a first
tull backup of a set of data units at a first time. The computer-
implemented method may also include identifying one or
more data units 1n the set of data units that have been modified
since the first time. The computer-implemented method may
turther include creating a second tull backup of the set of data
units by providing copies of the one or more data units that
have been modified since the first time and storing references
to copies of one or more data units 1n the set of data units that
have not been modified since the first time. The references
may be configured such that the second full backup 1s a
standalone backup that 1s independent of any other backups.
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METHODS AND SYSTEMS FOR CREATING
FULL BACKUPS

BACKGROUND

Traditional backup systems may periodically create a full
backup by capturing all allocated blocks (e.g., sectors or
clusters) of a volume. Between full backups, a backup system
may capture intermediate backups, referred to as incremental
backups, that include blocks that have changed since the
previous incremental or full backup. An incremental backup
may be orders of magnitude smaller and faster than a full
backup. Because of the relative efficiency of incremental
backups, many enterprises would prefer to take only incre-
mental backups after an mitial base backup (a feature referred
to as infinite incrementals).

Unfortunately, some traditional backup technologies are
not designed to etlectively deal with long (or even short)
chains of incremental backups. For example, some traditional
backup systems may restore a volume (or any other backed-
up entity) by opening and reading each backup in the entire
chain of backups, imncluding each incremental backup and a
base backup (1.e., a full backup). An administrator may not be
able to delete any of the backups until none of the backups 1n
the chain are needed for possible restoration.

As an alternative to long chains of imncremental backups,
synthetic full backups may be created at an intermediate point
in a backup chain to allow older points 1n the chain to be
deleted and to keep chain lengths short enough for efficient
restoration. However, synthetic full backup creation may
involve significant back-end processing (typically on a media
server) and may increase the number of objects that are man-
aged. Deduplication software may provide an interface that
significantly lowers the cost of synthetic full backup creation
by specitying how to reassemble portions of existing backups
into a synthetic backup.

Deduplication software may break up each backup 1n seg-
ments with a fingerprint for each segment. The deduplication
soltware may reassemble the synthetic backup by manipulat-
ing {ingerprints rather than reading all of the specified seg-
ment data and writing 1t back 1n the new file. Some backup
systems may create virtual synthetic backups (1.e., synthetic
backups that are created using a more efficient process than 1s
traditionally used to create synthetic backups). However, the
creation of virtual synthetic backups may mvolve some back-
end processing and add complexity to backup management.
Conventional backup systems may not be able to handle this
additional processing.

SUMMARY

Embodiments of the present disclosure are directed to
methods and systems for efficiently creating full backups. For
example, a backup module may create a first full backup of a
set of data units (e.g., a volume) at a first time. At a later time,
the backup module may 1dentily one or more data units in the
set of data units that have been modified since the first time.
The backup module may then create a second full backup by:
(1) providing copies of the one or more data units that have
been modified since the first time and (2) storing references to
copies ol one or more data units 1n the set of data units that
have not been modified since the first time. The references
may be configured such that the second full backup 1s a
standalone backup that is independent of any other backups.

In some embodiments, creating the first full backup may
include providing copies of each data unit 1n the set of data
units 1 a data store and storing, 1n the first full backup,
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2

references to the data store copies of each data unit in the set
of data units. According to certain embodiments, providing
copies of each data unit 1n the set of data units 1n a data store
and providing copies of the one or more data units that have
been modified since the first time may include, for each copy
of a data unit: (1) determining whether the data store includes
a copy of the data unit, (2) if the data store does not include the
copy of the data unit, copying the data umit to the data store,
and (3) providing a reference to the data store copy of the data
unit.

According to various embodiments, the data store may
include a deduplication data store. In some embodiments, the
second full backup may be created on-the-ily as the data units
that have been modified since the first point 1n time are copied
from a protected client subsystem to a backup subsystem.
Additionally or alternatively, the second full backup may be
created by copying the data units that have been changed
directly to the second tull backup.

In certain embodiments, at least a substantial portion of the
unmodified data units may not be read when the second full
backup 1s created. According to some embodiments, the ref-
erences 1n the second full backup may be free from references
to any other backups. In various embodiments, creating the
second full backup may utilize substantially the same disk
input-output, data transmission, and processing resources as
creating an incremental backup of the data units that have
been modified would utilize. In some embodiments, the set of
data units may include data blocks. In certain embodiments,
the set of data units may include data sectors and/or data
clusters. In at least one embodiment, the set of data units may
include files.

In some embodiments, a system may include at least one
processor and a backup module. The backup module may
direct the at least one processor to create a first full backup of
a set ol data units at a first time, 1dentify one or more data units
in the set of data units that have been modified since the first
time, and create a second full backup of the set of data units
by: (1) providing copies of the one or more data units that
have been modified since the first time and (2) storing refer-
ences to copies of one or more data units in the set of data units
that have not been modified since the first time. The refer-
ences may be configured such that the second full backup 1s a
standalone backup that 1s independent of any other backups.

According to certain embodiments, the backup module
may direct the at least one processor to create the first full
backup by providing copies of each data unit in the set of data
units 1 a data store and storing, 1n the first full backup,
references to the data store copies of each data unit 1n the set
of data units. In various embodiments, the backup module
may direct the at least one processor to, for each copy of a data
unit: (1) determine whether the data store includes a copy of
the data unait, (2) 1f the data store does not include the copy of
the data unit, copy the data unit to the data store, and (3)
provide a reference to the data store copy of the data unit. In
at least one embodiment, the data store may include a dedu-
plication data store. In certain embodiments, the references in
the second full backup may be free from references to any
other backups. According to various embodiments, creating
the second full backup may utilize substantially the same disk
input-output, data transmission, and processing resources as
creating an incremental backup of the data units that have
been modified would utilize.

According to certain embodiments, a computer-readable-
storage medium may include one or more computer-execut-
able 1nstructions that, when executed by a computing device
comprising at least one processor, cause the computing
device to: (1) create a first full backup of a set of data units at
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a first time, (2) 1dentily one or more data units in the set of data
units that have been modified since the first time, and (3)

create a second full backup of the set of data units by provid-
ing copies of the one or more data units that have been
modified since the first time and storing references to copies
of one or more data units 1n the set of data units that have not
been modified since the first time. The references may be
configured such that the second full backup 1s a standalone
backup that 1s independent of any other backups.

In various embodiments, the one or more computer-execut-
able 1nstructions may further cause the computing device to:
(1) provide copies of each data unit 1n the set of data units 1n
a data store, (2) store, 1n the first full backup, references to the
data store copies of each data unit 1n the set of data units, (3)
determine whether the data store includes a copy of the data
unit, (4) 1f the data store does not include the copy of the data
unit, copy the data unit to the data store, and (5) provide a
reference to the data store copy of the data unat.

Embodiments of the instant disclosure may be imple-
mented 1 any backup system, such as an online backup
system and/or a data deduplication system. Features {from any
of the above-mentioned embodiments may be used in com-
bination with one another in accordance with the general
principles described herein. These and other embodiments,
teatures, and advantages will be more tully understood upon
reading the following detailed description 1n conjunction
with the accompanying claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate a number of exem-
plary embodiments and are a part of the specification.
Together with the following description, these drawings dem-
onstrate and explain various principles of the mstant disclo-
sure.

FIG. 1 1s a block diagram of an exemplary system for
creating full backups according to certain embodiments.

FIG. 2 1s a block diagram of an implementation of the
system 1llustrated 1n FIG. 1 according to certain embodi-
ments.

FIG. 3 1s a flow diagram of an exemplary method for
creating full backups according to certain embodiments.

FIG. 4 1s another flow diagram of an exemplary method for
creating full backups according to certain embodiments.

FIG. 5 1s a block diagram of data 1n an original volume
according to certain embodiments.

FIG. 6 1s a block diagram of a first full backup of the
original volume shown 1n FIG. 5.

FI1G. 7 1s a block diagram of the volume shown 1n FIG. 5
alter changes have been made to the volume.

FIG. 8 1s a block diagram of an exemplary data store.

FI1G. 9 1s a block diagram of exemplary bitmaps associated
with the volume shown 1n FIG. §, the first full backup shown
in FIG. 6, and the changed volume shown 1n FIG. 7.

FIG. 10 1s a block diagram of a second full backup of
changed volume 700.

FIG. 11 1s a block diagram of an exemplary computing
system capable of implementing one or more of the embodi-
ments described and/or illustrated herein.

FIG. 12 1s a block diagram of an exemplary computing
network capable of implementing one or more of the embodi-
ments described and/or illustrated herein.

Throughout the drawings, i1dentical reference characters
and descriptions indicate similar, but not necessarily identi-
cal, elements. While the exemplary embodiments described
herein are susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of
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4

example in the drawings and will be described 1n detail
herein. However, the exemplary embodiments described
herein are not mtended to be limited to the particular forms
disclosed. Rather, the instant disclosure covers all modifica-
tions, equivalents, and alternatives falling within the scope of
the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Embodiments of the present disclosure provide various
methods and systems for creating full backups. In some
embodiments, a backup module may create a first full backup
of avolume (or other storage entity) at a first time. The backup
module may create, at a later time, one or more data units in
the set of data units that have been modified since the first
time. The backup module may then create a second full
backup of the set of data units by providing copies of the one
or more data units that have been modified and storing refer-
ences to copies of the one or more data units 1n the set of data
units that have not been modified since the first time. The
references may be configured such that the second full
backup 1s a standalone backup that 1s independent of any
other backups (e.g., the first full backup).

Embodiments of the instant disclosure may provide vari-
ous features and advantages not provided by traditional
backup systems. For example, some embodiments may create
tull backups for substantially the same cost, 1n terms of data
transmission, mput and output, and storage, as incremental
backups. Furthermore, in some embodiments each backup
alter a base backup may be a standalone full backup that 1s
independent of other backups. In such embodiments, a
backup system may not need to expend the resources tradi-
tionally needed to create periodic full backups. Thus, a
backup system may be able to create numerous standalone
tull backups at a cost that may be roughly the same as the cost
of creating incremental backups.

FIGS. 1 and 2 show exemplary systems for creating full
backups, and FIGS. 3 and 4 show exemplary methods for
accomplishing the same. FIGS. 5-10 show exemplary block
diagrams of volumes and bitmaps involved 1n creating a tull
backup. FIGS. 11 and 12 illustrate an exemplary computing
system and network architecture for implementing embodi-
ments of the instant disclosure.

FIG. 1 illustrates a backup system 100 for creating full
backups. System 100 may include modules 110 and databases
120. Modules 110 may include a backup module 112, a pro-
cessing module 114, and a deduplication module 116.
Backup module 112 may be programmed to create first and
second backups in accordance with embodiments described
herein. Processing module 114 may be programmed to 1den-
tify modified data units and perform other processing func-
tions that enable the creation of full backups. Deduplication
module 116 may be programmed to deduplicate backup data
(e.g., copies of data units).

In certain embodiments, one or more of modules 110 1n
FIG. 1 may represent one or more software applications or
programs that, when executed by a computing system, may
cause the computing system to perform one or more steps
disclosed herein. For example, as will be described 1n greater
detail below, one or more of modules 110 may represent
soltware modules configured to run on one or more comput-
ing devices, such as computing system 1110 1n FIG. 11 and/or
portions of exemplary network architecture 1200 1n FIG. 12.
One or more of modules 110 1n FIG. 1 may also represent all
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or portions of one or more special-purpose computers con-
figured to perform one or more of the tasks associated with the
steps disclosed herein.

As previously noted, system 100 may include databases
120. Databases 120 may include a first full backup 122, a

second full backup 126, and a data store 130. First full backup
122 may include references 124 to one or more copies of data
units 132 1n data store 130. Second full backup 126 may
include references 128 to one or more copies of data units 132
in data store 130. Data store 130 generally represents any data
structure configured to store copies of data units. In some
embodiments, data store 130 may include a data store of
deduplicated data.

One or more databases 120 in FIG. 1 may represent a
portion of one or more computing devices. For example, one
or more databases 120 may represent a portion of one or more
of the subsystems illustrated 1n FIG. 2, computing system
1110 1n FIG. 11, and/or portions of exemplary network archi-
tecture 1200 1n FIG. 12. Alternatively, one or more databases
120 1n FIG. 1 may represent one or more physically separate
devices, and/or a single physical device, capable of being
accessed by a computing device, such as one or more of the
subsystems 1illustrated 1n FIG. 2, computing system 1110 1n
FIG. 11, and/or portions of exemplary network architecture
1200 1n FIG. 12.

FIG. 2 illustrates a system 200 that provides an exemplary
configuration of components of system 100. System 200 may
include a client subsystem 210, a backup subsystem 220, and
a network 230. Client subsystem 210 and/or backup sub-
system 220 generally represent any type or form of comput-
ing device capable of reading computer-executable mstruc-
tions. Examples of client subsystem 210 and/or backup
subsystem 220 1include, without limitation, laptops, desktops,
servers, cellular phones, personal digital assistants (“PDAs™),
multimedia players, embedded systems, combinations of one
or more of the same, exemplary computing system 1110 1n
FIG. 11, or any other suitable computing device.

Client subsystem 210 may include backup module 112(a)
and a set of data units 212. Set of data units 212 may generally
represent any set of one or more units of data that may be
backed up to backup subsystem 220. A set of data units may
include any physical and/or logical storage entity. For
example, a set of data units may include a volume, a physical
disk, a virtual disk, a partition on a drive, a set of one or more
data entities (e.g., files, blocks, clusters, sectors), and/or any
other data storage area.

Backup subsystem 220 may include backup module 112
(b), processing module 114, deduplication module 116, and
data store 130. Backup subsystem 220 may represent any
system for backing up and/or recovering data. All or a portion
of backup module 112 may be located on client subsystem
210, backup subsystem 220, and/or any other subsystem. For
example, backup modules 112(a) and 112(5) may represent
client and server side portions of a backup software system. In
certain embodiments, backup subsystem 220 may include an

online backup system (e.g., SYMANTEC PROTECTION
NETWORK). Additionally or alternatively, backup sub-
system 220 may include a data deduplication system.

Client subsystem 210 and backup subsystem 220 may
communicate over network 230. Network 230 generally rep-
resents any medium or architecture capable of facilitating
communications or data transfer. Network 230 may include,
without limitation, the Internet, a wide area network
(“WAN”), a local area network (“LAN”), a personal area
network (“PAN"), Power Line Communications (“PLC”), a
cellular network (e.g., a GSM network), or the like. Network
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230 may facilitate communication or data transier using wire-
less and/or wired communications.

FIG. 3 shows an exemplary method for creating a full
backup. The steps shown 1n FI1G. 3 may be performed by any
suitable computer-executable code and/or computing system.
In some embodiments, the steps shown in FIG. 3 may be
performed by one or more of backup module 112, processing
module 114, and/or deduplication module 116. For example,
at step 310, backup module 112 may create a first full backup
of set of data units 212 at a {irst time.

As used herein, the phrase “full backup™ may refer to any
data backup that includes each data unit (e.g., block, sector,
cluster, file, etc.) 1 a set of data units. For example, a tull
backup of a volume may include each block in the volume. In
some embodiments, a full backup may include only those
files which have been 1dentified for backup, which means that
a Tull backup may include a subset of the data on a system or
volume. In other embodiments, a full backup may include a
copy of all data and/or software on a system. For example, a
tull backup may include an entire data store, regardless of
whether or not that data has been changed since a previous
backup was performed. A full backup may include all data
needed for a complete system restoration. Client subsystem
210 may coordinate with backup subsystem 220 to transfer
data to backup subsystem 220 and to create a full backup of
set of data units 212. A first full backup of set of data units 212
may be created using any suitable data backup technology.

At step 320, backup module 112 may identify one or more
data units 1n set of data umts 212 that have been modified
since the first time. Backup module 112 may determine which
data units 1n set of data units 212 have changed in a varniety of
ways. In some embodiments, backup module 112 may deter-
mine which data units 1n set of data units 212 have been
modified by tracking modifications to set of data units 212.
Additionally or alternatively, backup module 112 may read
archive bits or timestamps associated with files in set of data
units 212 to determine whether the files have changed since
the most recent full backup.

As used herein, the phrase “modified data umit” may refer
to a data unit 1n which all, or any portion, of data i1n the data
unit has been changed, added, deleted, rewritten, or otherwise
modified. Conversely, the phrase “unmodified data unit” may
refer to a data unit 1n which all of the data 1n the data unit has
not been changed.

After identifying the data units that have been modified
since the first time, backup module 112 may create a second
tull backup. Instead of creating an incremental backup,
backup module 112 may directly create a full backup. For
example, to directly create a second full backup, at step 330
backup module 112 may provide copies of the one or more
data units that have been modified since the first time. Backup
module 112 may provide the copies of the modified data units
in a variety of manners. For example, backup module 112
may determine whether data store 130 1includes a copy of each
modified data unit. If data store 130 does not include a copy of
a data unit, backup module 112 may provide the data unit by
copying the data unit to the data store and may include a
reference to the data unit 1n second full backup 126. If data
store 130 already includes a copy of the data unit, backup
module 112 may not need to copy the data unit to data store
130 and may provide the data unit to second full backup 126
by including a reference to the existing data unit 1n data store
130 1n second tull backup 126.

In addition to providing copies of modified data units, at
step 340 backup module 112 may create second full backup
126 by storing references to copies of one or more data units
in the set of data units that have not been modified since the
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first time. For example, the unmodified data units may be
located 1n data store 130, and backup module 112 may store,
in second full backup 126, references to the unmodified data
units 1n data store 130.

References to unmodified data units may be identified and/
or created 1n any suitable manner. In some embodiments,
backup module 112 may store references to copies of the
unmodified data units by providing references to data units in
first full backup 122 and then resolving those references with
references to data units in data store 130. In such embodi-
ments, first full backup 122 may be created by providing
copies of each data unit 1n the set of data units to data store 130
and including references to the copies of each data unit in first
tull backup 122.

Backup module 112 may create second full backup 126 as
a standalone backup. As used herein, the phrase “standalone
backup” may refer to a backup that 1s independent of other
backups. In some embodiments, a standalone backup may be
a backup that does not include any references to any other
backups or depend on other backups 1n any way. Thus, as a
standalone backup, second full backup 126 may be able to
restore all data units in set of data units 212 even 1f first full
backup 122 (and/or any other backups) i1s unavailable,
deleted, corrupted and/or compromised in any other way. A
tull restore of set of data units 212 may be performed by
accessing second tull backup 126 without accessing any other
backups.

Second full backup 126 may be created on-the-1ly, mean-
ing that second full backup 126 may be created as the data
units that have been modified since the first point 1n time are
copied from a protected client subsystem (e.g., a system
backed up by a backup subsystem) to a backup subsystem. In
other words, second full backup 126 may be created without
conventional intermediate backup steps. For example, second
tull backup 126 may be created without first creating an
incremental backup and/or without storing the modified data
units 1n an intermediate location.

In some embodiments, second full backup 126 may be
created by copying the data units that have been changed
directly to data store 130 (1.¢., without first storing the data
units 1n an incremental backup or other backup storage loca-
tion). After copying the data units to data store 130, backup
module 112 may obtain references to the copies of the modi-
fied data units and may store the references 1n second tull
backup 126. As used herein, the term “references” may refer
to 1ndexes, pointers, fingerprints, hashes, and/or any other
information that may be used to identily data umts. The
references 1n a second full backup may be free from any
reference to any other backups.

As previously noted, embodiments of the instant disclosure
may create full backups more quickly and/or more efficiently
than conventional backup technologies. For example, backup
module 112 may not need to read a substantial portion of the
unmodified data units when second full backup 126 1s cre-
ated. In some embodiments, backup module 112 may only
read modified data units when creating second full backup
126. In other embodiments, backup module 112 may read the
modified data units and only a small subset of unmodified
data units when creating second full backup 126.

In other words, little, 11 any, of the data from previous
backups may be read or re-written when creating subsequent
tull backups. As discussed herein, creating subsequent full
backups may be accomplished by manipulating references to
the data from the previous backup, along with creating refer-
ences for the data modified since the time the previous backup
was created. Since data from the previous backup is not
copied, a subsequent full backup (e.g., second full backup
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126) may take up essentially the same amount of space as
would an incremental backup. In some embodiments, a sub-
sequent full backup may only be slightly larger (e.g., large
enough to hold the references to unmodified data) than a
corresponding incremental backup. Since references (e.g.,
fingerprints) are typically relatively small, the extra space for
these references may be minimal.

Accordingly, for essentially the cost of an incremental
backup, a full backup may be created. In other words, backup
module 112 may create second full backup 126 utilizing
substantially the same disk mput-output, data transmission,
and/or processing resources as creating a corresponding
incremental backup would utilize. For example, the only data
transmitted across network 230 may be the modified data plus
any metadata for identifying the unmodified data. If dedupli-
cation 1s performed by client subsystem 210, the metadata
may 1nclude references to data units from the previous full
backup. If deduplication 1s performed by backup subsystem
220, the metadata may 1nclude offsets and lengths of the data
being referenced from the previous backup.

In some embodiments, creating the second full backup may
include comparing various bitmaps (or other data represent-
ing the states of data volumes). For example, an original
system bitmap may indicate a state of each data unit 1n the set
of data units at the first point in time. A newer system bitmap
may indicate a state of each data unit 1n the set of data units at
the second point 1n time. A modified data units bitmap may
indicate each data unit that has changed since the first point 1n
time.

Instead of and/or in addition to bitmaps, a list, run-list, or
any other suitable data structure may be used to identify data
units of interest in the original system, the newer system,
and/or the data units that were modified between the first time
and the second time. For example, the modified data units
may be represented by a change list which identifies the set of
data units that have changed. The change list may be imple-
mented as a run-list of blocks that have changed and/or as a
list of files.

Steps 330 and 340 of FIG. 3 may be performed 1n any order.
Step 330 may be performed before step 340 and/or step 340
may be performed before step 330. In some embodiments, all
or portions of steps 330 and 340 may be interleaved and/or
performed simultaneously.

Any suitable algorithm may be implemented for creating
the second full backup. For example, some algorithms may
include the following steps for each data unit U 1n the set of
data units: providing a data unit corresponding to U to the
second full backup i1f (1) the bit corresponding to U 1n the new
system bitmap 1s set and (2) the bit corresponding to U 1n the
modified data units bitmap 1s set; and providing a reference to
a data unit from the first full backup 11 (1) the bit correspond-
ing to U in the new system bitmap 1s set and (2) the bat
corresponding to U in the modified data units bitmap 1s not
set.

The following discussion of FIGS. 4-10 provides an
example of creating a second full backup of a volume. While
FIGS. 4-10 show an example where data units are data blocks,
the example shown 1n FIGS. 4-10 also applies to other data
units, such as files. The steps in FI1G. 4 may be performed by
backup module 112, processing module 114, and/or any other
suitable module. FIG. 4 shows a method that corresponds to
the following pseudo code:

INDEX_IN_ORIGINAL_BACKUP=1

Initialize Second Full Backup

For each block BLOCK INDEX 1n volume:

I1 bit corresponding to BLOCK_INDEX 1n Changed Vol-

ume Bitmap 1s set:
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bit corresponding to BLOCK_INDEX 1n Modified
Blocks Bitmap 1s set:
Provide block from Changed Volume corresponding
to BLOCK_INDEX to the Second Full Backup
Else
Add reference to block
INDEX_IN_ORIGINAL_BACKUP to the Second
Full Backup
If bit corresponding to BLOCK _INDEX 1n Original Vol-
ume Bitmap 1s set:
Increment INDEX_IN_ORIGINAL_BACKUP

At step 405, processing module 114 may set a variable
“INDEX_IN_ORIGINAL_BACKUP” to 1. At step 410, pro-
cessing module 114 may set a variable “BLOCK_INDEX” to
0. Atstep 415, processing module 114 may 1nitialize a second
tull backup. For example, processing module 114 may add
header information to a second full backup.

Processing module 114 may perform steps 420-445 for
cach block 1n a backed-up volume. For example, at decision
point 420 processing module 114 may determine whether the
bit corresponding to BLOCK_INDEX 1n the newer volume
bitmap 1s set. If the bit corresponding to BLOCK_INDEX in
the newer volume bitmap 1s set, at decision point 425 pro-
cessing module 114 may determine whether the bit corre-
sponding to BLOCK_INDEX 1n a modified blocks bitmap 1s
set. If the bit corresponding to BLOCK _INDEX 1n the modi-
fied blocks bitmap 1s set, at step 430 processing module 114
may provide a block corresponding to BLOCK_INDEX to
the second full backup (as previously noted, a block may be
provided by checking for the block 1n a data store, adding the
block to the data store 11 the block 1s not already 1n the data
store, and 1n e1ther case, including a reference to the data store
block to the second full backup). Otherwise, at step 435
processing module 114 may add a reference to a block cor-
responding to INDEX_IN_ORIGINAL_BACKUP to the
second full backup (the backup application may access the
first backup directly at INDEX_IN_ORIGINAL_VOLUME
to obtain the reference for the same block from the original
backup. Alternately, 1t may derive a logical ofiset in the first
backup from INDEX_ IN_ORIGINAL_VOLUME and pass
this logical offset and the data unit size to a deduplication
system which would then copy the reference from the first
backup and store 1t 1n the second backup).

At decision point 440, processing module 114 may deter-
mine whether the bit corresponding to BLOCK_INDEX 1n an
original volume bitmap 1s set. If the bit corresponding to
BLOCK_INDEX in the original system bitmap 1s set, at step
445 processing module 114 may increment INDEX_IN_
ORIGINAL_BACKUP. At decision point 450, processing
module 114 may determine whether BLOCK_INDEX 1s at
the last block 1n the volume. If it 1s not, processing module
114 may increment BLOCK_INDEX and repeat steps 420-
450. If BLOCK_ INDEX 1s at the last block 1n the volume,
process 400 may terminate.

The following discussion presents an example of how a
second full backup may be created by applying the method
shown 1n FIG. 4 to the volumes, backups, bitmaps, and data
store shown 1n FIGS. 5-10. FIG. 5 shows an original volume
500, which may represent a volume that 1s backed up by
backup module 112. It 1s noted that data blocks with different
letters may have different data, while blocks with the same
letter (at later points 1n time) may contain identical data.
Furthermore, data blocks with dashes are blocks that are not
allocated by the file system at the first point 1n time or are
excluded from the full backup for any other reason. FIG. 6
shows a first full backup 600 of original volume 500. Backup
module 112 may create first full backup 600 at a first time.

It
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FIG. 7 shows a changed volume 700. FIG. 7 represents the
state of original volume 500 at a second time, after changes
have been made. FIG. 8 shows a data store where backed-up
data may be stored. FIG. 9 shows exemplary bitmaps 900
associated with original volume 500 and changed volume
700, and FIG. 10 shows a second tull backup 1000 created by
the process of FIG. 4.

In a first 1iteration through FI1G. 4, the bit corresponding to
BLOCK_INDEX is set in the Newer Volume Bitmap, but the
bit corresponding to BLOCK_INDEX 1s not set 1n the Modi-
fied Blocks Bitmap, so the reference stored at location
INDEX_IN_ORIGINAL_BACKUP 1n the first backup 1s
added to second full backup 1000, such that second tull
backup 1000 includes “Hdr2, Aref” In this example, the
notation #ref1s used to refer to blocks in data store 800, where
# 1s a reference letter to a block 1n the data store. Since the bit

corresponding to BLOCK_INDEX 1s set in the Original Vol-
ume Bitmap, INDEX_ IN_ORIGINAL_BACKUP 1s incre-
mented to 2. In the second iteration, the bit corresponding to
BLOCK_INDEX 1s not set in the Newer Volume Bitmap, so
nothing 1s added to the second tull backup, but because the bit
corresponding to BLOCK_INDEX 1s set in the Original Vol-
ume Bitmap, INDEX_ IN_ORIGINAL_BACKUP 1s incre-
mented to 3. Following the same process, aiter the third
iteration second full backup 1000 includes “Hdr2, Aret,
Dref,” and INDEX_IN_ORIGINAL_BACKUP 1is incre-
mented to 4.

No changes are made to second full backup 1000 or
INDEX_IN_ORIGINAL_BACKUP during the fourth or fifth
iterations, and during the sixth iteration second full backup
1000 15 updated to “Hdr2, Aret, Dref, Eret.” During the sixth
iteration, INDEX IN ORIGINAL BACKUP 1s i1ncre-
mented to 5. During the seventh 1teration second full backup

1000 1s updated to “Hdr2, Aref, Dref, Eref, Fref,” and
INDEX IN ORIGINAIL BACKUP 1s incremented to 6.
During the eighth 1iteration, the bit corresponding to BLOCK _
INDEX 1s set in the Newer Volume Bitmap and 1s also set 1n
the Modified Blocks Bitmap. Therefore, processing module
114 may attempt to add the block corresponding to BLOCK _
INDEX (block C) to the Data Store, but a deduplication
system would be able to discover that C 1s already present 1n
the data store (because 1t was placed there by the first backup).

The deduplication or backup system would return a reference
to C that 1s added to the second full backup. Thus, second full
backup 1000 may include “Hdr2, Aref, Dref, Eref, Fref,
Cref,” and INDEX_IN_ORIGINAL_ BACKUP may be
incremented to 6.

Processing module 114 may not make any changes during,
the ninth 1teration, and during the tenth iteration processing
module 114 may determine that the bits corresponding to
BLOCK_INDEX are set in the Newer Volume Bitmap and 1n
the Modified Blocks Bitmap. Processing module 114 may
therefore read the block corresponding to BLOCK_INDEX
of the updated volume (block K) out of the updated volume.
If block K 1s not already in the data store, block K may be
copied to the data store. A reference to block K may be added
to second full backup 1000 such that second full backup 1000
includes “Hdr2, Arel, Dref, Eref, Fref, Cref, Kref.” During the
cleventh iteration second full backup 1000 may be updated to
“Hdr2, Aref, Dref, Eret, Frel, Cref, Kretf, Gref,” and
INDEX_IN_ORIGINAL_BACKUP may be updated to 7.
During the twelfth and final iteration, second full backup
1000 may be updated to “Hdr2, Aretf, Dref, Eret, Fref, Cref,
Kref, Gref, Lret,” which are the values shown 1n FIG. 10.
Alternatively, the backup module 112 may instead include
references to first full backup 600 in the second full backup

that 1t writes to deduplication module 116. The deduplication
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module 116 could immediately access the first full backup
600 to obtain the corresponding references to data blocks 1n
data store 800 and substitute these references for the refer-
ences to the first full backup. Then as the deduplication mod-
ule 116 stores the second full backup 1000, 1t will only con-
tain references to the data store 800 without including
references to first full backup 600.

FIG. 11 1s a block diagram of an exemplary computing
system 1110 capable of implementing one or more of the
embodiments described and/or illustrated herein. Computing
system 1110 broadly represents any single or multi-processor
computing device or system capable of executing computer-
readable 1nstructions. Examples of computing system 1110
include, without limitation, workstations, laptops, client-side
terminals, servers, distributed computing systems, handheld
devices, or any other computing system or device. In 1ts most
basic configuration, computing system 1110 may comprise at
least one processor 1114 and system memory 1116.

Processor 1114 generally represents any type or form of
processing unit capable of processing data or interpreting and
executing instructions. In certain embodiments, processor
1114 may receive instructions from a software application or
module. These instructions may cause processor 1114 to per-
form the functions of one or more of the exemplary embodi-
ments described and/or 1llustrated herein. For example, pro-
cessor 1114 may perform and/or be a means for performing,
either alone or 1n combination with other elements, one or
more of the creating, 1dentifying, storing, and replacing steps
described herein. Processor 1114 may also perform and/or be
a means for performing any other steps, methods, or pro-
cesses described and/or illustrated herein.

System memory 1116 generally represents any type or
form of volatile or non-volatile storage device or medium
capable of storing data and/or other computer-readable
istructions. Examples of system memory 1116 include,
without limitation, random access memory (RAM), read only
memory (ROM), tlash memory, or any other suitable memory
device. Although not required, in certain embodiments com-
puting system 1110 may comprise both a volatile memory
unit (such as, for example, system memory 1116) and a non-
volatile storage device (such as, for example, primary storage
device 1132, as described 1n detail below).

In certain embodiments, exemplary computing system
1110 may also comprise one or more components or elements
in addition to processor 1114 and system memory 1116. For
example, as 1llustrated 1n FIG. 11, computing system 1110
may comprise a memory controller 1118, an Input/Output
(I/0) controller 1120, and a communication interface 1122,
cach of which may be interconnected via a communication
inirastructure 1112. Communication infrastructure 1112 gen-
erally represents any type or form of infrastructure capable of
facilitating communication between one or more components
of a computing device. Examples of communication infra-
structure 1112 include, without limitation, a communication
bus (such as an ISA, PCI, PCle, or similar bus) and a network.

Memory controller 1118 generally represents any type or
form of device capable of handling memory or data or con-
trolling communication between one or more components of
computing system 1110. For example, in certain embodi-
ments memory controller 1118 may control communication
between processor 1114, system memory 1116, and 1/O con-
troller 1120 via communication infrastructure 1112. In cer-
tain embodiments, memory controller 1118 may perform
and/or be a means for performing, either alone or in combi-
nation with other elements, one or more of the steps or fea-
tures described and/or illustrated herein, such as creating,
identifying, storing, and replacing.
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I/0O controller 1120 generally represents any type or form
of module capable of coordinating and/or controlling the
mput and output functions of a computing device. For
example, 1n certain embodiments I/O controller 1120 may
control or facilitate transfer of data between one or more
clements of computing system 1110, such as processor 1114,
system memory 1116, communication nterface 1122, dis-
play adapter 1126, input interface 1130, and storage intertace
1134. I/O controller 1120 may be used, for example, to per-
form and/or be a means for performing one or more of the
creating, identifying, storing, and replacing steps described
heremn. I/O controller 1120 may also be used to perform
and/or be a means for performing other steps and features set
forth in the instant disclosure.

Communication interface 1122 broadly represents any
type or form of communication device or adapter capable of
facilitating communication between exemplary computing
system 1110 and one or more additional devices. For
example, 1 certain embodiments communication interface
1122 may facilitate communication between computing sys-
tem 1110 and a private or public network comprising addi-
tional computing systems. Examples of communication
interface 1122 include, without limitation, a wired network
interface (such as a network interface card), a wireless net-
work iterface (such as a wireless network interface card), a
modem, and any other suitable mterface. In at least one
embodiment, communication intertace 1122 may provide a
direct connection to a remote server via a direct link to a
network, such as the Internet. Communication interface 1122
may also indirectly provide such a connection through, for
example, alocal area network (such as an Ethernet network or
a wireless IEEE 802.11 network), a personal area network
(such as a BLUETOOTH or IEEE Standard 802.15.1-2002
network), a telephone or cable network, a cellular telephone
connection, a satellite data connection, or any other suitable
connection.

In certain embodiments, communication interface 1122
may also represent a host adapter configured to facilitate
communication between computing system 1110 and one or
more additional network or storage devices via an external
bus or communications channel. Examples of host adapters
include, without limitation, SCSI host adapters, USB host
adapters, IEEE 1394 host adapters, SATA and eSATA host
adapters, ATA and PATA host adapters, Fibre Channel inter-
tace adapters, Ethernet adapters, or the like. Communication
interface 1122 may also allow computing system 1110 to
engage 1n distributed or remote computing. For example,
communication interface 1122 may recerve mstructions from
a remote device or send instructions to a remote device for
execution. In certain embodiments, communication interface
1122 may perform and/or be a means for performing, either
alone or in combination with other elements, one or more of
the creating, 1dentifying, storing, and replacing steps dis-
closed herein. Communication ntertace 1122 may also be
used to perform and/or be a means for performing other steps
and features set forth in the mnstant disclosure.

As 1llustrated in FIG. 11, computing system 1110 may also
comprise at least one display device 1124 coupled to com-
munication infrastructure 1112 via a display adapter 1126.
Display device 1124 generally represents any type or form of
device capable of visually displaying information forwarded
by display adapter 1126. Similarly, display adapter 1126 gen-
crally represents any type or form of device configured to
forward graphics, text, and other data from communication
infrastructure 1112 (or from a frame builer, as known 1n the
art) for display on display device 1124.
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As 1llustrated 1n FIG. 11, exemplary computing system
1110 may also comprise at least one input device 1128
coupled to communication infrastructure 1112 via an mput
interface 1130. Input device 1128 generally represents any
type or form of mnput device capable of providing input, either
computer or human generated, to exemplary computing sys-
tem 1110. Examples of mput device 1128 include, without
limitation, a keyboard, a pointing device, a speech recogni-
tion device, or any other input device. In at least one embodi-
ment, input device 1128 may perform and/or be a means for
performing, either alone or 1n combination with other ele-
ments, one or more of the creating, identifying, storing, and
replacing steps disclosed herein. Input device 1128 may also
be used to perform and/or be a means for performing other
steps and features set forth 1n the instant disclosure.

As 1illustrated 1n FIG. 11, exemplary computing system
1110 may also comprise a primary storage device 1132 and a
backup storage device 1133 coupled to communication inira-
structure 1112 via a storage interface 1134. As shown, storage
device 1132 may include one or more of modules 110 for
performing embodiments of the present disclosure. Similarly,
backup storage device 1133 may include one or more of
databases 120. Storage devices 1132 and 1133 generally rep-
resent any type or form of storage device or medium capable
ol storing data and/or other computer-readable instructions.
For example, storage devices 1132 and 1133 may be a mag-
netic disk drive (e.g., a so-called hard drive), a floppy disk
drive, a magnetic tape drive, an optical disk drive, a flash
drive, or the like. Storage interface 1134 generally represents
any type or form of interface or device for transferring data
between storage devices 1132 and 1133 and other compo-
nents of computing system 1110.

In certain embodiments, storage devices 1132 and 1133
may be configured to read from and/or write to a removable
storage unit configured to store computer soitware, data, or
other computer-readable information. Examples of suitable
removable storage units include, without limitation, a floppy
disk, a magnetic tape, an optical disk, a flash memory device,
or the like. Storage devices 1132 and 1133 may also comprise
other similar structures or devices for allowing computer
soltware, data, or other computer-readable mstructions to be
loaded mto computing system 1110. For example, storage
devices 1132 and 1133 may be configured to read and write
soltware, data, or other computer-readable information. Stor-
age devices 1132 and 1133 may also be a part of computing
system 1110 or may be a separate device accessed through
other 1nterface systems.

Storage devices 1132 and 1133 may also be used, for
example, to perform and/or be a means for performing, either
alone or in combination with other elements, one or more of
the creating, identifying, storing, and replacing steps dis-
closed herein. Storage devices 1132 and 1133 may also be
used to perform and/or be a means for performing other steps
and features set forth in the mstant disclosure.

Many other devices or subsystems may be connected to
computing system 1110. Conversely, all of the components
and devices illustrated 1n FIG. 11 need not be present to
practice the embodiments described and/or 1llustrated herein.
The devices and subsystems referenced above may also be
interconnected in different ways from that shown in FIG. 11.
Computing system 1110 may also employ any number of
software, firmware, and/or hardware configurations. For
example, one or more of the exemplary embodiments dis-
closed herein may be encoded as a computer program (also
referred to as computer soltware, soltware applications, com-
puter-readable instructions, or computer control logic) on a
computer-readable medium. The phrase “computer-readable
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medium” generally refers to any form of device, carrier, or
medium capable of storing or carrying computer-readable
instructions. Examples of computer-readable media include,
without limitation, transmission-type media, such as carrier
waves, and physical media, such as magnetic-storage media
(e.g., hard disk drives and floppy disks), optical-storage
media (e.g., CD- or DVD-ROMs), electronic-storage media
(e.g., solid-state drives and flash media), and other distribu-
tion systems.

The computer-readable medium containing the computer
program may be loaded into computing system 1110. Allor a
portion of the computer program stored on the computer-
readable medium may then be stored in system memory 1116
and/or various portions of storage devices 1132 and 1133.
When executed by processor 1114, a computer program
loaded 1nto computing system 1110 may cause processor
1114 to perform and/or be a means for performing the func-
tions of one or more of the exemplary embodiments described
and/or 1llustrated herein. Additionally or alternatively, one or
more of the exemplary embodiments described and/or 1llus-
trated herein may be implemented 1n firmware and/or hard-
ware. For example, computing system 1110 may be config-
ured as an application specific integrated circuit (ASIC)
adapted to implement one or more of the exemplary embodi-
ments disclosed herein.

FIG. 12 1s a block diagram of an exemplary network archi-
tecture 1200 1n which client systems 1210, 1220, and 1230
and servers 1240 and 1245 may be coupled to a network 1250.
As shown, client system 1210 may include client subsystem
210. Clhient systems 1210,1220, and 1230 generally represent
any type or form of computing device or system, such as
exemplary computing system 1110 mn FIG. 11. Similarly,
servers 1240 and 1243 generally represent computing devices
or systems, such as application servers or database servers,
configured to provide various database services and/or to run
certain software applications. Server 1245 may 1include
backup subsystem 220. Network 1250 generally represents
any telecommunication or computer network; including, for
example, an intranet, a wide area network (WAN), alocal area
network (LAN), a personal area network (PAN), or the Inter-
net.

As 1llustrated 1n FIG. 12, one or more storage devices
1260(1)-(N) may be directly attached to server 1240. Simi-
larly, one or more storage devices 1270(1)-(N) may be
directly attached to server 12435. Storage devices 1260(1)-(IN)
and storage devices 1270(1)-(N) generally represent any type
or form of storage device or medium capable of storing data
and/or other computer-readable instructions. In certain
embodiments, storage devices 1260(1)-(N) and storage
devices 1270(1)-(IN) may represent network-attached storage
(NAS) devices configured to communicate with servers 1240
and 1245 using various protocols, such as NFS, SMB, or
CIFS.

Servers 1240 and 12435 may also be connected to a storage
area network (SAN) fabric 1280. SAN fabric 1280 generally
represents any type or form of computer network or architec-
ture capable of facilitating communication between a plural-
ity of storage devices. SAN fabric 1280 may facilitate com-
munication between servers 1240 and 12435 and a plurality of
storage devices 1290(1)-(N) and/or an intelligent storage
array 1295. SAN fabric 1280 may also facilitate, via network
1250 and servers 1240 and 1245, communication between
client systems 1210, 1220, and 1230 and storage devices
1290(1)-(N) and/or intelligent storage array 1295 in such a
manner that devices 1290(1)-(N) and array 1295 appear as
locally attached devices to client systems 1210, 1220, and
1230. As with storage devices 1260(1)-(N) and storage
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devices 1270(1)-(N), storage devices 1290(1)-(N) and 1ntel-
ligent storage array 1295 generally represent any type or form
ol storage device or medium capable of storing data and/or
other computer-readable instructions.

In certain embodiments, and with reference to exemplary
computing system 1110 of FIG. 11, a communication inter-
face, such as communication interface 1122 1n FIG. 11, may
be used to provide connectivity between each client system

1210, 1220, and 1230 and network 1250. Client systems
1210, 1220, and 1230 may be able to access information on
server 1240 or 1245 using, for example, a web browser or
other client software. Such software may allow client systems
1210, 1220, and 1230 to access data hosted by server 1240,
server 1245, storage devices 1260(1)-(IN), storage devices

1270(1)-(N), storage devices 1290(1)-(N), or intelligent stor-
age array 1295. Although FI1G. 12 depicts the use of a network
(such as the Internet) for exchanging data, the embodiments
described and/or 1llustrated herein are not limited to the Inter-
net or any particular network-based environment.

In at least one embodiment, all or a portion of one or more

of the exemplary embodiments disclosed herein may be
encoded as a computer program and loaded onto and executed

by server 1240, server 1245, storage devices 1260(1)-(IN),
storage devices 1270(1)-(N), storage devices 1290(1)-(N),
intelligent storage array 1295, or any combination thereof.
All or a portion of one or more of the exemplary embodiments
disclosed herein may also be encoded as a computer program,
stored 1n server 1240, run by server 1245, and distributed to
client systems 1210, 1220, and 1230 over network 1250.
Accordingly, network architecture 1200 may perform and/or
be a means for performing, either alone or 1n combination
with other elements, one or more of the creating, identifying,
storing, and replacing steps disclosed herein. Network archi-
tecture 1200 may also be used to perform and/or be a means
for performing other steps and features set forth 1n the mstant
disclosure.

Embodiments of the instant disclosure may be imple-
mented in cloud computing environments. Cloud computing,
environments may provide various services and applications
via the internet. These cloud-based services (e.g., soltware as
a service, platform as a service, infrastructure as a service,
etc.) may be accessible through a web browser or other
remote mterface. For example, backup subsystem 220 may be
provided through a cloud computing environment. Thus,
backup services, applications, and other functionality
described herein may be provided through a remote desktop
environment or any other cloud-based computing environ-
ment.

While the foregoing disclosure sets forth various embodi-
ments using specific block diagrams, flowcharts, and
examples, each block diagram component, flowchart step,
operation, and/or component described and/or 1illustrated
herein may be implemented, individually and/or collectively,
using a wide range of hardware, software, or firmware (or any
combination thereof) configurations. In addition, any disclo-
sure of components contained within other components
should be considered exemplary 1n nature since many other
architectures can be implemented to achieve the same func-
tionality.

The process parameters and sequence of steps described
and/or 1llustrated herein are given by way of example only
and can be varied as desired. For example, while the steps
illustrated and/or described herein may be shown or discussed
in a particular order, these steps do not necessarily need to be
performed in the order illustrated or discussed. The various
exemplary methods described and/or illustrated herein may
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also omit one or more of the steps described or illustrated
herein or include additional steps 1n addition to those dis-
closed.

Furthermore, while wvarious embodiments have been
described and/or illustrated herein in the context of fully
functional computing systems, one or more of these exem-
plary embodiments may be distributed as a program product
in a variety of forms, regardless of the particular type of
computer-readable media used to actually carry out the dis-
tribution. The embodiments disclosed herein may also be
implemented using software modules that perform certain
tasks. These software modules may include script, batch, or
other executable files that may be stored on a computer-
readable storage medium or 1n a computing system. In some
embodiments, these software modules may configure a com-
puting system to perform one or more of the exemplary
embodiments disclosed herein. These software modules may
also be configured to transform original data (e.g., a volume)
into a backup (e.g., through the process 1llustrated in FIG. 4).

The preceding description has been provided to enable
others skilled 1n the art to best utilize various aspects of the
exemplary embodiments described herein. This exemplary
description 1s not intended to be exhaustive or to be limited to
any precise form disclosed. Many modifications and varia-
tions are possible without departing from the spirit and scope
ol the instant disclosure. It 1s desired that the embodiments
described herein be considered 1n all respects 1llustrative and
not restrictive and that reference be made to the appended
claims and their equivalents for determining the scope of the
instant disclosure.

Unless otherwise noted, the terms “a” or “an,” as used 1n
the specification and claims, are to be construed as meaning
“at least one of.”” In addition, for ease of use, the words
“including” and “having,” as used in the specification and
claims, are interchangeable with and have the same meaning
as the word “comprising.”

I claim:

1. A computer-implemented method, at least a portion of
the method being performed by a computing system compris-
ing at least one processor, the method comprising:

creating a first full backup of a set of data units at a first

time;

identifying one or more data units in the set of data units

that have been modified since the first time;

creating a second full backup of the set of data units by:

providing copies of the one or more data units that have
been modified since the first time;
storing references to copies of one or more data units 1n
the set of data units that have not been modified since
the first time, wherein the references are configured
such that the second full backup i1s a standalone
backup that 1s independent of any other backups and
at least a portion of the unmodified data units are not
read when the second full backup 1s created.
2. The computer-implemented method of claim 1, wherein:
creating the first tull backup comprises:

providing copies of each data unit 1n the set of data units

in a data store;

storing, 1n the first full backup, references to the data

store copies of each data unit in the set of data units.

3. The computer-implemented method of claim 2, wherein:

providing copies of each data unit 1n the set of data units 1n

the data store and providing copies of the one or more

data units that have been modified since the first time
comprise, for each copy of a data unait:

determining whether the data store includes a copy of the

data unit;
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if the data store does not include the copy of the data uniat,
copying the data unit to the data store;

providing a reference to the data store copy of the data
unit.

4. The computer-implemented method of claim 3, wherein:

the data store comprises a deduplication data store;

providing copies of the one or more data units that have
been modified since the first time comprises copying the
one or more data units that have been modified to the
deduplication data store without first storing the one or
more data units that have been modified to any other
backup storage location.

5. The computer-implemented method of claim 4, wherein:

one or more of the references to copies of the one or more

data units 1n the set of data umts that have not been
modified since the first time comprise oilset and length
information of data being referenced from the first full
backup.

6. The computer-implemented method of claim 1, further
comprising;

identifying a changed volume data structure that indicates

a state of each data unit in the set of data units at a second
time;

identifying a modified data units data structure that indi-

cates each data unit that has changed since the first point
1n time;

for each data unit in the set of data unats:

determining whether the changed volume data structure
indicates that the data unit 1s still present 1n the vol-
ume at the second time;

determining whether the modified data units data struc-
ture indicates that the data unit has been modified
since the first time;

if the data unit 1s present and has been modified, per-
forming the providing of the copy of the data unait;

if the data unit 1s present and has not been modified,
performing the storing of the reference to the copy of
the data unat.

7. The computer-implemented method of claim 1, wherein
none of the unmodified data units are read when the second
tull backup 1s created.

8. The computer-implemented method of claim 1, wherein:

creating the second full backup utilizes substantially the

same disk input-output, data transmission, and process-
Ing resources as creating an icremental backup of the
data units that have been modified would utilize;

the second full backup 1s created without first creating the

incremental backup and without storing the modified
data units 1n an intermediate location.

9. The computer-implemented method of claim 1, wherein
the second full backup does not include any references to data
stored 1n any other backup.

10. The computer-implemented method of claim 9,
wherein storing references to copies of the one or more data
units in the set of data units that have not been modified since
the first time comprises manipulating a reference located in
the first tull backup and storing the manipulated reference in
the second full backup.

11. The computer-implemented method of claim 1,
wherein the set of data units comprises files.

12. A system comprising:

at least one processor;
a backup module that directs the at least one processor to:
create a first Tull backup of a set of data units at a first
time;
identily one or more data units 1n the set of data units that
have been modified since the first time;
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create a second full backup of the set of data units by:

providing copies of the one or more data units that
have been modified since the first time;

storing references to copies of one or more data units
in the set of data units that have not been modified
since the first time, wherein the references are con-
figured such that the second tull backup 1s a stan-
dalone backup that 1s independent of any other
backups and at least a portion of the unmodified
data units are not read when the second full backup
1s created.

13. The system of claim 12, wherein:

the backup module directs the at least one processor to

create the first full backup by:

providing copies of each data unit 1n the set of data units
1n a data store;

storing, 1n the first full backup, references to the data
store copies of each data unit in the set of data units.

14. The system of claim 13, wherein:

the backup module directs the at least one processor to

provide copies of each data unit in the set of data units in

the data store and provide copies of the one or more data

units that have been modified since the first time, for

cach copy of a data unit, by:

determining whether the data store includes a copy of the
data unit;

i the data store does not include the copy of the data unat,
copying the data unit to the data store;

providing a reference to the data store copy of the data
unit.

15. The system of claim 12, wherein the second full backup
1s created without reading any of the unmodified data units.

16. The system of claim 12, wherein creating the second
tull backup utilizes substantially the same disk input-output,
data transmission, and processing resources as creating an
incremental backup of the data units that have been modified
would utilize.

17. A computer-readable-storage medium comprising one
or more computer-executable instructions that, when
executed by a computing device comprising at least one pro-
cessor, cause the computing device to:

create a first full backup of a set of data units at a first time;

identity a changed volume data structure that indicates a

state of each data unit 1n the set of data units at a second
time that 1s after the first time;

identily a modified data units data structure that indicates

cach data umt that has changed since the first point 1n
time;

compare the modified data units data structure with the

changed volume data structure to 1dentity one or more
data units 1n the set of data units that have been modified
since the first time;

create a second full backup of the set of data units by:

providing copies of the one or more data units that have
been modified since the first time;
storing references to copies of one or more data units in
the set of data units that have not been modified since
the first time, wherein the references are configured
such that the second full backup i1s a standalone
backup that 1s independent of any other backups.

18. The computer-readable storage medium of claim 17,
wherein:

the one or more computer-executable instructions that

cause the computing device to create the first full backup

further cause the computing device to:

provide copies of each data unit in the set of data units in
a data store:
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store, 1n the first tull backup, references to the data store
copies of each data unit 1n the set of data units instead

of storing data umits 1n the first full backup;
the one or more computer-executable instructions that

20

include the reference to the data store copy of the data
unit in the second tull backup 1nstead of providing the

data unit 1n the second full backup.
19. The computer-readable storage medium of claim 18,

cause the computing device to provide copies of each 5 wherein the data store comprises a deduplication data store.

data unit 1n the set of data units 1n the data store and

provide copies of the one or more data units that have

been modified since the first time further cause the com-

puting device to, for each copy of a data unat:

determine whether the data store includes a copy of the
data unit;

if the data store does not include the copy of the data unat,
copy the data unit to the data store;

provide a reference to the data store copy of the data unit;

10

20. The computer-readable storage medium of claim 17,
wherein the one or more computer-executable instructions
cause the computing device to create the second full backup
by utilizing substantially the same disk input-output, data
transmission, and processing resources as creating an incre-
mental backup of the data units that have been modified
would utilize.
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